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Abstract 
China is a coal-based energy consuming country. The proportion of coal is up to 70% in the energy 
consumption structure in 1990s. In the past 20 years, driven by energy saving policy, China's energy 
consumption structure has undergone great changes, especially in urban areas. This paper explores the 
evolution of energy-use structure at the national level and the level of Beijing City in China. Four major 
energy sources were considered, including coal, oil, natural gas and electricity. The dataset was collected 
from 1990 to 2012. The results show that the proportion of coal consumption decreased by approximately 
20% from 1990 to 2012 at the national level in compare with nearly 50% at the level of Beijing City. 
Furthermore, the proportion of natural gas consumption and other clean energies rose. In Beijing the 
natural gas and other clean energies account for over 60% of the total energy in 2012, which played an 
important role in improving the local environment. 
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Energy is an important component of a country's economic growth and social development [1-2]. 
However, global climate change caused by excessive carbon emissions is a widespread concern in the 
international community. Developing countries, rely on industrial, production-based economic growth, 
with high energy consumption rates and carbon emissions. In this context, optimizing energy 
consumption structure is an important component of economic development. 
esearchers have studied on a wide scope of urban energy consumption and urban carbon emissions [3-
6]. There is a rapid increase in urban energy consumption, and many researchers explored the method to 
reduce urban energy consumption [7-8]. Other researchers tried to figure out the factors that influence the 
urban energy consumption [9-12]. Also, researches on effect of energy consumption on urban heat islands 
have been carried out [13]. As for urban carbon emissions, researchers have done some great researches 
in urban scale[14-19] . And they also tried to find some methods to reduce carbon emissions [20]. 
China, the world's largest developing country, is undergoing rapid economic development and annual 
increases in energy consumption. The pressure from environment and demand from industry development 
and others on energy supply, energy efficiency, industrial structure and other aspects of energy 
consumption make optimizing the country’s energy consumption structure an important issue in China's 
energy strategy [21]. 
Over all, urban energy consumption is a primary driver in total energy consumption and continues to 
increase in response to the expansion of urbanization. However, recent trends in urban development 
indicate that the proportion of energy consumed by the industry sector is declining. In addition, CO2 
emissions have been mitigated to such an extent that the release of SO2 from coal consumption has 
become the main source of pollution in many areas. Urban environmental management measures have 
also helped decrease the proportion of coal consumption in the city. With the development of 
urbanization and improvement of living standards, petroleum, natural gas and electricity will gradually 
replace coal. There are apparent regional differences in Chinese urban energy consumption [22]. 
China's energy consumption and energy consumption structure have been studied from different angles, 
different scales, and over time [9][22]. Weihua Guan et al. established a dynamic model of China's energy 
consumption to help predict future changes to its structure[14]. The model suggests that the proportion of 
coal consumption will gradually decline, while consumption of oil, natural gas, and water as energy 
sources will rise. Of the latter, oil consumption will increase at a greater rate than other sources. 
Researchers have also analyzed and forecasted future carbon emissions from energy consumption [15-16]. 
However, the influence of the evolution of urban energy structure on carbon emissions has not been 
thoroughly reviewed. This case study provides insight on the role of Beijing’s energy consumption in 
carbon emissions as a model of China’s overall urban energy structure. 
 
2. Analysis of the evolution of energy consumption in China 
2.1. China energy consumption structure 
Changes in China’s energy consumption structure from 1990 to 2012 are shown in Figure. 1. 
In the 1980s, coal was the main source of energy in China. The proportion of coal-powered energy 
consumption increased to 75% in the 1990’s. After the 21st century, however, the proportion of 
petroleum, natural gas, and other energy sources, such as wind power, hydropower, and nuclear power, 
began to rise. Coal was still the main source of energy, but its share in energy consumption structure fell. 
In fact, the proportion of coal consumption decreased to 68% in 2010. 
Recent changes to China’s energy structure reflect the country’s efforts to adopt an eco-friendly approach 
to development, including advancement of new, clean energy industries such as nuclear power, wind 
power, and solar energy. These kinds of structural adjustments and power conversions associated with 
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China’s economic growth can lead to optimization of the country’s energy structure and increased energy 
efficiency. 
 
     Fig. 1 Changes in China’s energy consumption structure, 1990 -2012 
 
3. Analysis of the evolution of energy consumption in Beijing  
3.1. Beijing’s energy consumption structure 
Six years representative of the city’s consumption from 1990 to 2012 were selected based on data 
provided in the "Beijing Statistical Yearbook.” The proportion of coal, natural gas, electricity, petroleum, 
and renewable energy consumption for those six years was calculated and energy consumption structures 
for each year were determined as shown in Figure. 2. 
As shown in Figure. 2, coal was Beijing's main energy source in 1990, accounting for 67.28% of total 
energy consumption. In the late 1990s, Beijing implemented restrictive measures for coal consumption to 
address serious air pollution issues. As a result, big stoves, small boilers, and small coal-burning stoves 
were replaced with cleaner technologies, such as electric stoves.. Beijing also developed rigorous 
environmental remediation measures for the energy industry. Industrial plants and thermal power plants 
with high-energy consumption and pollution rates were closed or moved out of Beijing to Hebei Province 
and other provinces, and the consumption of coal and coke was restricted. At this time, electricity began 
to replace coal as the primary energy source. 
Beijing's 11th five-year plan was developed to optimize energy production and consumption, and build 
a stable, economical, clean, and safe energy supply system. Beijing began promoting low-carbon energy 
sources and implementing strict control of coal consumption in order to enhance the level of use of 
natural gas, electricity, and renewable energy. Beijing strictly limited the use of burning coal in the city 
and carried out a renovation project on three coal-fired power plants and 63 coal-fired boilers [23]. These 
measures helped reduce the proportion of coal consumption in Beijing to 19.57% in 2012. 
At the same time, natural gas consumption rose from 0.43% in 1990 to 14.78% in 2012 and began to 
replace coal as the primary heat source in Beijing. In this era of rapid economic and social development, 
Beijing also experienced significant growth in electricity consumption. The proportion of electricity in 
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total energy consumption rose from 23.73% in 1990 to 42.62% in 2012. Beijing’s petroleum 
consumption, on a national level, is relatively high compared with other cities in China. The proportion of 
petroleum consumption in Beijing’s total energy consumption rose from 8.48% in 1990 to 19.05% in 
2012. Since 2000, Beijing has vigorously promoted the development of renewable energy and developed 
the appropriate policies to encourage development and utilization of solar, geothermal, wind and biomass 
energy. In 2012, the proportion of renewable energy consumption in Beijing increased to 4%. 
 
Fig. 2 Beijing’s energy consumption structure, 1990-2012 
4. Discussion and Conclusion 
This paper studied the changes in Beijing’s coal, natural gas, electricity, and oil consumption using data 
from 1990 to 2012, and analyzed the city’s energy consumption structure during these years. According 
to the results, energy consumption in Beijing from 1990 to 2012 began to optimize, and the proportion of 
coal as an energy source decreased significantly from 67.28% in 1990 to 19.57% in 2012. At the same 
time, the proportion of natural gas and other clean energy sources rose considerably. In addition, 
economic and social development, and the improvement of living standards caused electricity to become 
a primary energy source in Beijing. The proportion of electricity consumption in total energy 
consumption reached 42.62% in 2012. 
As a developing country, economic growth is necessary for development of the country’s basic needs 
and energy is a required for economic growth. To a certain extent, energy consumption also reflects the 
strength of a country's economic activities and its capacity to meet the needs of its citizens. Therefore, 
increased pressure on the environment is difficult to avoid. The current development of China's energy 
conservation policy should not control the size of economic output, but should focus on optimizing 
energy structure and improving energy efficiency. 
Possible policies include plans to support nuclear power, wind energy, hydropower, solar energy and 
biomass projects, and maintain the proportion of non-fossil fuel energy sources. Among fossil fuel energy 
sources, relatively low-carbon natural gas haven’t been China's primary energy source and exhibit low 
proportion (less than 3%) long-term. Promoting the development of the natural gas industry in China is 
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therefore a problem worthy of attention. Adjustments to industrial and international trade policies can 
help address this issue. 
In the case of continued growth in energy consumption where adjustments to industrial and energy 
structure have been exhausted, improving energy efficiency will be the next most important step toward 
energy conservation. 
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